Despite its ancient use as a therapeutic tool to treat several ailments, acupuncture still faces the challenge of scrutiny by Western science both in terms of its efficacy and in terms of the characterization of its effects and mechanisms of actions underlying these effects. We investigated under well-controlled and carefully characterized conditions the influence of electrical stimulation of acupuncture points ST-36 (Zusanli) and SP-6 (Sanyinjiao) on the myoelectric activity of the small intestine of 38 adult male Wistar rats. Electrical recordings obtained by means of four electrodes chronically implanted in the small intestine were used to assess the effects of acupuncture (electroacupuncture stimulation set at 2 Hz, intermittent stimulation, 1 V, for 30 min). Immobilization of the animals was associated with a consistent decrease (-8 ± 7%) in the myoelectric activity of the small intestine as measured by means of the root mean square. Conversely, acupuncture was able to significantly increase (overshoot) this activity compared to baseline (+44 ± 7%). In contrast, immobilized animals subjected to sham acupuncture had only modest (nonsignificant) increases in myoelectric activity (+9 ± 6%). Using carefully controlled conditions we confirmed previous noncontrolled studies on the ability of acupuncture to alter intestinal motility. The characterization of the topographic and temporal profiles of the effects observed here represents a basis for future dissection of the physiological and pharmacological systems underlying these effects.
Introduction
The motor pattern of the small intestine can be classified into two main states, fasted and postprandial (1) , which represent fundamentally different physiological states (2, 3) . During fasting the motor activity of the small intestine shows a highly organized pattern and is characterized by a sequence of specific and recurrent myoelectric events defined as migrating motor complex (1, (4) (5) (6) . In contrast, the myoelectric activity that follows food ingestion has no regular pattern (3) .
Motility disturbances of the small intestine are present in various diseases and the control of such disturbances represents a goal of many therapeutic interventions in both Western and Eastern medicines (7) (8) (9) .
For acupuncture, a technique initially developed in China over 5,000 years ago, the "energetic harmony" of the digestive tube might be achieved through the stimulation of specific points such as ST-36 (Zusanli) and SP-6 (Sanyinjiao) (10, 11) . Accordingly, acupuncture can be used to successfully treat various different human gastrointestinal conditions (12) (13) (14) . Despite its wide clinical acceptance in Eastern societies, to date very little work has been done at the experimental level to test the efficacy of acupuncture stimulation under carefully controlled conditions and to address the features of such effects in areas other than analgesia (12, 15) .
The relatively few investigations that have been devoted to the study of the effects of acupuncture on the digestive tract have either provided only a subjective assessment of the therapy or lacked adequate controls. Hu and colleagues (13) and Lin and colleagues (14) have both described the consequences of acupuncture for gastric motility in humans, but neither group has used a proper placebo group. In contrast, in a wellcontrolled study using anesthetized dogs, Qian and colleagues (16) have reported an excitatory effect of acupuncture with increased frequency and amplitude of the migrating motor complex of the stomach. Iwa and Sakita (17) reported similar excitatory effects for the peristaltic motility of the small intestine in mice. The latter study, however, has used a rather crude method for evaluating intestinal motility (charcoal transit), did not report whether the animals were anesthetized or restrained for needle insertion, and did not provide much additional relevant information regarding the experimental protocol.
Whereas the above mentioned studies represent an initial step towards the scientific investigation of the effects of acupuncture on the gastrointestinal system, they certainly represent a weak background to substantiate its clinical use. A study in the Journal of the American Medical Association has indicated that 42% of Americans used alternative medical therapies in 1997 (18) . Acupuncture certainly is an important component of such percentage. The current study aims to provide a more detailed and adequate evaluation of acupuncture with objective measurements under carefully controlled conditions.
Material and Methods
Adult male Wistar rats from the Central Vivarium (CEDEME) of our University, weighing 250-290 g at the beginning of the experiment were used. Animals were kept in individual cages in a controlled environment with constant temperature (23ºC), 12-h light/ dark cycles with lights on at 7:00 am and with free access to rat chow pellets (Purina, Nuvilab Ltda., Curitiba, PR, Brazil) and water. All experiments were submitted to and approved by the Animal Care and Use Committee of the University.
After a 12-h fast (with free access to water), animals were anesthetized with thionembutal, 50 mg/kg, ip. The surgical procedure used has been described (19) (20) (21) . The skull was exposed for the fixation of two small anchor screws which were attached to an electrical plug with dental acrylate. Nine electrically isolated copper wires connected to the electric plug were then inserted into the subcutaneous tissue of the neck and tunneled to the abdomen. The abdominal wall was opened and four bipolar copper electrodes with silver-chloride plating at their recording end were implanted in the small intestine. The first of these four electrodes was implanted 5 cm distal to the suspensory muscle of the duodenum (ligament of Treitz) (22) and the remaining three electrodes at subsequent distal portions spaced 7 cm apart. The remaining ninth wire (stainless steel) was used as ground and implanted in the subcutaneous fold of the right lateral abdominal wall.
After an average postoperative period of 5 days, which has been reported to be enough to allow a recovery of the regular myoelectric pattern (19, 23, 24) (25) . RMS represents the intensity of a signal within a fixed interval. It is defined as the square root of the mean sum of spike bursts per minute squared (here over 90 min) or by the equation:
where T is the size of the block of data (90 min) and f (t) = value (in spike bursts/min) of the filtered waveform at t minus the mean of the entire block of data. RMS is an effective value representing the intensity of a signal within a fixed interval, regardless of the direction in which the signal is recorded.
Some of the recordings (9%) made with specific leads were discarded due to technical problems such as loss of contact, poor baseline with excessive noise, and unsuitable signal to noise ratio. Therefore, the number of available recordings for each group is not necessarily the number of animals in that group times four (the number of electrode leads implanted in each animal). After recording baseline activity, animals were divided into one of the above three groups. Group I animals (13 animals subjected to electroacupuncture, corresponding to a total of 48 useful recordings) were then restrained for 30 min, during which time electroacupuncture (2 Hz, with an electrical current of faradic, bipolar and asymmetrical wave, at approximately 1-V intensity; KWD 808-II electrostimulator, China) was applied through a stainless steel 0.25 mm/2 cm needle with a copper handle bilaterally inserted into the ST-36 (Zusanli) and SP-6 (Sanyinjiao) points. The choice of these acupoints (points of acupuncture) was based on their reported abilities to stimulate intestinal activity (11, 12) . The localization of such points was based both on rat anatomical references (26) and on a point localizer (basically an impedance meter; Plexus T20, Lautz, Rio Claro, SP, Brazil). In the rat, ST-36 (Zusanli) is located approximately 1 mm lateral to the tibial tuberosity, whereas SP-6 (Sanyinjiao) is located in the posterior border of the tibia, 0.5 mm above the medial malleolus, both of which are easily located by manual inspection (see Figure 1 ). The needle was inserted into the ST-36 point at a depth of approximately 0.5 mm, and just above the skin at the SP-6 point (as there is no great muscular mass under this area). A number of reports on different animal species have clearly demonstrated that the location of acupuncture points follows a similar distribution in different mammals (for a review, see 27). The use of impedometers allows the clear definition of points and nearby non-points (27) (28) (29) (30) . Point localizers are often used in both human and veterinary acupuncture to find the appropriate acupuncture points. Anatomical studies have shown that acupuncture points have a specific histological pattern (e.g., more mast cells, higher density of sensory receptors and capillary vessels) which correlates with a lower electrical resistance of the underlying skin (31) (32) (33) . After application of electroacupuncture the animal was placed back in its home cage, allowed a 10-min resting period, and then subjected to a subsequent 90-min period of electrical recording of myoelectric activity. Data analysis for all groups was based on a comparison of the data obtained before and after the procedure.
For group II animals (14 animals subjected to sham acupuncture, corresponding to a total of 52 useful recordings) all procedures were similar to those used for group I animals except that electrostimulation was applied to neighboring skin areas (less than a 0.5-cm distance from the acupoints) for which impedance analysis did not reveal a lower skin resistance compared to adjacent areas. Location of the stimulation points used for group I and II animals is illustrated in Figure  1 . Finally, for group III animals (11 animals subjected to immobilization, corresponding to a total of 40 useful recordings) after the baseline recording animals were restrained for 30 min, returned to their home cages, allowed a 10-min recovery period, and then subjected to a 90-min recording session. Electrical activity for each condition was normalized for its specific control (baseline recording). Data are reported as mean variations from control ± SD. Positive values indicate increases in the parameters of myoelectrical activity, whereas negative values indicate decreases in these activities.
Statistical differences were first determined by one-way analysis of variance (ANOVA), followed by the Fisher PLSD test for post hoc comparisons. Comparisons between different times for a given group were performed by repeated measures ANOVA followed by the Fisher PLSD test for post hoc comparisons. The level of significance was set at P<0.05 in all tests.
Results
Immobilization of the animals was associated with a consistent decrease in the myoelectric activity of the small intestine (Table  1) . Conversely, acupuncture applied to points ST-36 (Zusanli) and SP-6 (Sanyinjiao) in immobilized animals not only normalized this diminished activity but also increased it (overshoot) compared to baseline (see Figure 2) . In contrast, immobilized animals subjected to sham acupuncture had only modest (nonsignificant) increases in myoelectric activity. Thus, acupuncture induced a significant increase in the myoelectric activity of the small intestine compared to either Data are reported as means ± SEM of the percent variation over baseline recording for each animal. P = 0.0001 (ANOVA followed by Fisher PLSD post hoc test). *P<0.05 compared to immobilized or to shamstimulated animals.
sham acupuncture or immobilization alone (see Table 1 ). Analysis of the results for the three groups tested for each of the four recording leads yielded a more detailed view of the effects (see Table 2 ). Results from leads T1 and T2 (more proximal recording sites) consistently indicated a statistically significant excitatory action of acupuncture compared to immobilization alone or to sham acupuncture. In contrast, recordings from leads T3 and T4 did not permit a significant distinction between animals subjected to acupuncture and animals subjected to sham acupuncture. Yet, even at the level of the T4 lead the increase in myoelectric activity induced by acupuncture was significantly different from the recordings obtained from immobilized animals.
Of the 13 animals that constituted group I, 4 (31%) showed increases in myoelectric activity for all four recording leads. For the remaining 9 animals, the observed changes in myoelectric activity were either not uniform across the different leads (e.g., increase in T1 and T2 but not in T3 and T4) or were very modest changes of less than 15% of baseline. Of the 48 recordings obtained for group I animals none showed a decrease of myoelectric activity greater than 13% of baseline. The largest increase in myoelectric activity seen for group I animals was 188% over baseline (lead T2 of rat Amft11). For approximately one third of group I animals the increased activity was not uniform across the different leads. Intragroup variability for recordings from leads T1 and T3 of group I animals was rather small as compared to the variability seen at leads T2 and T4. Despite this variability, the excitatory effects of electroacupuncture were more intense at proximal (T1 and T2) than at distal recording sites (T3 and T4).
Analysis of myoelectric activity with time clearly showed the effects of acupuncture. A comprehensive view of the myoelectric activity of group I animals over time is provided in Figure 3 . By separately analyzing the Figure 1 for each individual animal over time, it can be seen that, as early as during the first minute of the recording period (i.e., approximately 30 min after the onset of acupuncture stimulation and right after its termination) the myoelectric activity of 4 of the 13 group I animals (31%) was increased by more than 50% over baseline. Similarly, consideration of the mean myoelectric activity of the initial 10 min of recording indicated that for 8 of those animals (62%) there was an increase in activity greater than 20%. Despite variations from animal to animal and over time, in group I animals as a whole acupuncture induced an increase of over 20% in myoelectric activity when the 10-min period from the 31st to the 40th min (therefore the middle part of the recording session) or from the 81st to the 90th min (the last 10-min period of the recording session) was considered in 53% (7/13) and 67% (6/9) of the animals, respectively. For some indi- Table 2 . Change in root mean square of the myoelectric activity recorded in the proximal 1/3 of the small intestine at four different locations for each of the three experimental groups (electroacupuncture, sham electroacupuncture and immobilized) compared to the baseline condition (control recording). above. Consistent increases in myoelectric activity across all recording leads were not seen for any given animal. Of the 14 animals that constituted this group, 6 (43%) had increases in myoelectric activity at some leads coexisting with decreases at other recording leads. However, in 7 other animals dramatically decreased activity (a reduction of as much as 64% from baseline, lead T2 of rat AT008) recorded at some leads coexisted with either stable or increased myoelectric activity at others. Finally, for the remaining animal in group II, activity was close to baseline and quite uniform across all four leads. The largest increase in myoelectric activity seen for group II animals was of 148% over baseline (lead T2 of rat Amft10). Analysis of the myoelectric activity of group II animals at the individual level over time also did not yield any clear-cut picture. As can be seen in Figure 3 , as a whole, animals subjected to sham acupuncture seemed to show a tendency to a slight decrease in myoelectric activity over time. Animals subjected to immobilization only (group III animals) had the greatest decreases in myoelectric activity over baseline of all groups (up to a 86% reduction from baseline for lead T3 of rat Amft12). Variability across different leads, however, was similar to that seen for group II animals, with most of the rats having either combined increased/decreased (36% of the animals) or combined stable/decreased (27%) myoelectric activity compared to baseline. The largest increase in myoelectric activity seen for group III animals was 76% over baseline (lead T2 of rat Amft2). As shown in Figure 3 , as a group, animals subjected to immobilization seem to have a tendency (not statistically significant) to recover to baseline levels (corresponding to 1 on the y axis).
For animals subjected to sham acupuncture (group II animals) we observed a tendency, which did not achieve statistical significance, to increased myoelectric activity compared to restrained animals. Yet, despite Table 3 . Number of animals subjected to acupuncture stimulation (group I) with a greater than 20% increase in myoelectric activity over baseline, as measured by root mean square or a greater than 40% increase in myoelectric activity over baseline during the initial 10 min of recording (1-10) or in the middle portion of the recording session (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) or at the end of the recording session (81-90). vidual animals, however, the increase in myoelectric activity in these three time windows was even greater, as can be seen in Table 3 . For group II animals, variations were much more pronounced than those reported this modest increase in myoelectric activity seen for group II animals, the mean activity was still significantly lower than that observed in group I animals (P = 0.01). Similarly to group III animals (immobilization), the results for group II animals were rather uniform across the four different leads. Analysis of the recordings as a whole revealed clear differences between the three groups (P = 0.0001), which were still significant for electrodes T1, T2 and T4, but not for electrode T3 (P = 0.06), when analyzed separately.
Discussion
The current data confirm and expand the conclusions derived from previous work on this area (12) (13) (14) (15) (16) (17) . Similar results were obtained by Qian and colleagues (16) who demonstrated in dogs a significant increase in both the frequency and the amplitude of the slow waves of the migrating motor complex at the level of the stomach after the application of acupuncture at points ST-36 (Zusanli) and CS-6 (Neiguan). Also, Iwa and Sakita (17) have reported excitatory effects on small intestine motility of electroacupuncture applied to mice, although they did not describe the specific acupoints used. In contrast, work by Hu and colleagues (13) and Lin and colleagues (14) has demonstrated an inhibitory effect induced by acupuncture on tachyarrhythmia, nausea and dizziness in human subjects. These seemingly opposite results obtained with acupuncture in fact might reflect its balancing nature rather than an exclusive excitatory or inhibitory effect it might have. Accordingly, we propose that the excitatory effect reported here and elsewhere (see Refs. 16 and 17) might have to do with the depressed baseline of myoelectric activity of the small intestine that these animals had (or should have had) by being anesthetized or restrained. Even though the above mentioned work on laboratory animals does not report whether the animals were anesthetized or restrained it is clear that, in contrast to humans, it might be virtually impossible to keep an acupuncture needle inserted into a given site in a nonanesthetized unrestrained laboratory animal. Therefore, when applied over a depressed baseline activity, such as that seen in the current study, acupuncture yielded an excitatory, reactive effect. Conversely, when applied over a background of increased excitability, such as that present in human studies, it yielded an inhibitory and once again reactive effect. A recent demonstration of this overall compensatory effect of acupuncture has been made by Yao (34) based on the lowering of blood pressure observed when acupuncture was applied to hypertensive rats and the lack of any effect when it was applied to normotensive rats. Such a harmonizing effect might be present in a few situations even in Western medicine. One of such examples is the use of lithium salts as a therapeutic means both as a treatment of mania or depression (35) .
Our results with the sham animals suggest that stimulation per se, regardless of whether applied to an acupoint or to a nearby non-acupoint, might induce physiologic effects. Yet, it is clear from the current results and from the extensive literature on acupuncture making use of sham controls, that as a rule the results obtained from stimulation of acupoints are greater and significantly different from those obtained from stimulation of non-acupoints. The difference between acupoints and non-acupoints might be that the skin and body areas associated with acupoints have been characterized as having a higher concentration of capillaries, sensory receptors and mast cells (31, 33) . The difference between acupoints and nonacupoints would therefore be of a quantitative rather than a qualitative nature.
According to our data, the most intense effects of acupuncture on the myoelectric activity of the small intestine were found at the recording sites more proximal to the sponsory muscle of the duodenum (T1 and T2). It has been shown that in the more proximal portions of the small intestine there may be a spontaneous oscillator, as opposed to a forced oscillator, due to its capacity to keep cycling even in the absence of external stimulation (2, 24, 36) . Despite its ability to keep cycling myoelectric activity in the absence of an extrinsic neural input (2) , it has been shown that its activity might be modulated by such external influences (36) . In fact, extrinsic neural or pharmacological influence is always stronger on this oscillator, i.e., at a proximal as compared to a more distal level (37, 38) . The stronger effects of acupuncture on the myoelectric activity of the small intestine observed in the current experiments for the more proximal electrodes are therefore in agreement with the above findings.
The currently reported temporal profile of the effect of acupuncture on intestinal myoelectric activity constitutes an important additional characterization of such effect.
As shown in the Results section, the effects of acupuncture were already clear right at the first minute of recording, when individual animals were analyzed, and gradually increased with time over the subsequent 89 min of recording. The latency and duration of the observed effects of acupuncture are compatible with those reported for the effects of different pharmacological procedures on intestinal motility (1, 39, 40) . In addition, the results shown in Figure 3 clearly indicate that, whereas animals in the sham group differed from controls (animals subjected to immobilization) only at initial time points (from 1 to 15 and from 16 to 30 min), animals in the acupuncture group significantly differed from controls at almost all time points. In this sense, analysis of the temporal profile of the effect of acupuncture might be of help in further dissociating its effect due to stimulation of a specific set of points (acupoints) from those only associated with the needling of nonspecific skin areas (nonacupoints).
